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Pre-Silurian rocks in the Boundary Mountains 
anticlinorium, northwestern Maine^
by
Eugene L. Boudette 
U.S. Geological Survey 
Boston, Massachusetts
Introduction
Trip C covers a relatively confined area on the southeastern 
flank of the Boundary Mountains anticlinorium where Silurian rocks 
are almost entirely lacking, and where the pre-Silurian rocks con­
stitute an upright, essentially homoclinal succession facing south­
east (fig. 1). The purpose of this trip is to examine the evidence 
that establishes the time and space relationships of an ultramafic 
complex of the alpine type and granitic rocks that intrude the base­
ment rocks (Chain Lakes massif) on the northwest, as well as Lower (?) 
Ordovician eugeosynclinal rocks on the southeast. The exposures to 
be visited are mostly along or near the boundaries of the major rock 
sequences in the southeastern corner of the Chain Lakes quadrangle 
(see Boone and others, this volume, fig. 1).
The data collected in detailed mapping of the Chain Lakes quad­
rangle are reviewed on Trip C. They suggest that a major tectonic 
event involved a block of old continental crust, an ophiolite succession 
(see Bailey and McCallien, 1960), and associated sediments (flysch).
The ophiolite succession here is considered to be composed of coexist­
ing rocks of the alpine complex, pillowed greenstone and metamorphosed 
quartz latite volcanic rocks (keratophyre) and cherty metasedimentary 
rocks. This view is compatible with the earlier syntheses by Ells 
(1887), Boucot (1961), and Boucot and others (1964) who originally 
proposed that the pre-Silurian rocks in the Boundary Mountains are 
divisible into two major metamorphic rock sequences on the basis of 
lithology and age and at least one intrusive series.
Rather different views on the pre-Silurian stratigraphy and struc­
ture have been presented in regional syntheses by Cady (1960, 1967) } 
Albee (1961), Marleau (1968), Green and Guidotti (1968), and Harwood 
(1969) who favor the hypothesis that the pre-Silurian metamorphic rocks 
constitute a single sequence that variously correlates with rocks along
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the Maine-New Hampshire boundary which have their equivalents in the 
Albee, Ammonoosuc, and Partridge Formations (Ordovician) in New Hampshire 
(Billings, 1956). Both schools of thought are in accord that the pre- 
Silurian plutonic rocks correlate either with the Highlandcroft Plutonic
in New Hampshire or with an older series.
The Boundary Mountains anticlinorium appears to culminate in an 
elongate dome oriented with its long axis on regional strike (see Boone 
and others, this volume). The core of this dome is underlain by the 
basement sequence, called for convenience the Chain Lakes massif.
The metamorphic rocks of the massif seen on Stops 1 thru 5 are 
successively flanked on the southeast (fig. 1) by ophiolite suite rocks 
of the alpine complex (Stops 4, 5, and 7; units 5a and 5b); the Attean 
Quartz Monzonite (Albee and Boudette, in press) seen on Stops 8 and 9 
(unit 6); greenstone (Stop 10, unit 2a), keratophyre (Stop 11, unit 2b), 
and cherty rocks of the ophiolite suite; and metamorphosed eugeosynclinal 
rocks (flysch) (units 3 and 4). The greenstone, keratophyre, and flysch 
is also referred to as the greenschist sequence here. These pre-Silurian 
units are unconformably overlain by Silurian and Devonian metasedimentary 
rocks and intruded by quartz porphyry dikes of Upper Ordovician age, quartz 
monzonite and granodiorite of the Seven Ponds pluton of Devonian age 
(Harwood, 1969), and lamprophyre dikes and sills of Triassic (?) age. None 
of these younger units will be seen on Trip C. Fault systems, probably of 
at least two widely separated ages, segment the rocks (Stops 4, 5, and 6) 
and in some places repeat large parts of the section.
Rocks of the Chain Lakes massif include varieties of chloritic and 
sericitic quartzofeldspathic granofels, gneiss, and schist along with 
subordinate amphibolite, felsic metavolcanic rocks and vitreous quartzite. 
Relict to fresh sillimanite, K-feldspar, and other high-grade metamo phic 
index minerals are locally abundant in rocks of the massif, and anatectic 
textures are widespread. The granofels and closely associated gneiss are 
typically massive and are characterized by the presence of lithic frag­
ments and quartz nodules of highly variable size, angularity, and distri­
bution; these are rocks of most unusual texture and structure. The term 
granofels is applied to identify as much as 75 percent of the massive 
central part of the massif where no layering is evident. None of the gran­
ofels is seen on Trip C. Where rocks of the massif are gneissic or schistose, 
the foliation is parallel to compositional layering. Relatively abundant 
small fragments within these layers have a foliation at some angle to the 
regional foliation.
2The name Chain Lakes complex has also been used informally, but herein 
the term complex is restricted to the rocks of the ultramafic series 




The granofels and closely associated fragment-bearing gneiss are 
tentatively assigned to a lowermost stratigraphic subdivision which 
is of unknown thickness. Metamorphic rocks with conspicuous composit­
ional layering containing few, if any, fragments are correspondingly 
assigned to an uppermost subdivision about 8,000 feet thick. Both of 
the subdivisions are upright, face south, and intergrade well, as do 
subunits within them. Fragment-bearing gneiss (fig. 1, unit la) seen 
on Stops 1 and 2 occurs in the intergradational zone between subunits. 
Gneiss with good compositional layering is seen at Stops 3, 4, 5, and 
6 (unit lb); this rock is in the lowermost part of the upper subdivision.
No fossils have been found to date the rocks of the Chain Lakes 
massif, nor has isotopic dating been attempted. Stratigraphic, meta- 
•morphic, and lithologic relationships observed in recent work, however, 
strongly suggest that these rocks are older than Ordovician, probably 
Precambrian. Certainly they are older than the Middle Ordovician(?) 
age assigned to the oldest rocks mapped along the Maine-New Hampshire 
boundary. The evidence for this includes the following:
1. Sedimentary structures show that the rocks of the Chain Lakes 
massif are the oldest rocks in this area, and that they underlie rocks 
equivalent to the Albee Formation, Ammonoosuc Volcanics, and Partridge 
Formation of New Hampshire (Billings, 1956).
2. The unusual fragmented texture of the granofels and gneiss and 
their association with vitreous quartzite is unknown in northern New 
Hampshire eugeosynclinal sequences.
3. The mineral composition of fragments and matrix indicate that the 
dominant source was a nearby probably deeply weathered area from which 
alumina and silica-rich clastic sediments were derived and mixed with 
lesser amounts of detritus from a volcanic-igneous terrane. This is
at variance with known data on the paleogeography of the Middle Ordovician 
of northern New England.
4. Rocks of the massif contain two distinctive metamorphic mineral 
assemblages and two directions of foliation. These metamorphic mineral 
assemblages and foliations are not recognized in the Middle Ordovician(?)
rocks to the west. At Stops 1 and 4, foliated fragments of quartz- 
feldspar-sillimanite-mica schist occur in chloritic quartz-feldspar-mica 
sillimanitic gneiss in which the regional foliation is at an angle to 
foliation in the fragments. This suggests that the fragments were foli­
ated as layered before the metamorphic recrystallization of their host 
rocks. Furthermore, stress fields accompanying metamorphic events in 
these rocks have not appreciably changed the initial structural relation­
ship established between host and fragments. At Stop 4 (fig. 2) the 
intrusion of the alpine complex into gneiss of the massif has produced a 
contact aureole as much as 400 feet wide which is presently manifested by 
a recrystallization of the matrix of the gneiss to produce an increase in 
the amount and grain size of muscovite in the direction of the intrusive
c
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contact. The few fragments observable there indicate that the effect 
on them was similar. This indicates that fragments and matrix had meta- 
morphically equilibrated before the intrusion of the complex in Early (?) 
Ordovician time. Because crystallization of the mica appears to be facil­
itated by the breakdown of sillimanite and K feldspar the contact effect 
here is regarded as being retrograde. If so, the rocks of the complex 
must have been prograded before the intrusion of the complex. Because 
the complex is indicated to be at least Early (?) Ordovician in age such 
prograde metamorphism could be much older than Early (?) Ordovician, pos­
sibly Precambrian.
5. At Stop 3, a greenstone dike correlated with the ophiolite 
suite has a chlorite-albite-epidote prograde assemblage formed either 
in Acadian time or during older (Taconic?) metamorphism or both. The 
older wall rock has a prograde quartz-K feldspar-muscovite-sillimanite 
assemblage clearly demonstrating the contrast in metamorphic grade and
6. An exposure not visited on Trip C, but analogous to that at 
Stop 4 shows rocks of the south side of the complex in contact with 
greenstone and metagraywacke (fig. 1, units 2a, 2c, and 3) of the green­
schist sequence. Here there is metamorphic amphibole in the greenstone 
and cordierite-andalusite in the pelitic rocks and some reaction hornfels 
at the contact. These features are also interpreted as the result of 
contact metamorphlsm associated with the intrusion of the complex where 
the recrystallization was prograde up to the hornblende hornfels facies, 
according to the index minerals.
7. The rocks of the massif are high-grade metamorphic rocks and 
the alpine complex rocks along with the contact aureole around them must 
have been metamorphosed during Acadian time and possibly Taconian as well. 
Apparently this was the timing of the latest retrograde effects on the 
metamorphic rocks as well as the latest alteration of rocks of the com­
plex (see also Albee and Boudette, in press) which occurred without pro­
found textural modifications. The interpretation that the relict aureole 
around the ultramafic complex is, on one hand, impressed on the high-grade 
metamorphic rocks of the massif, and on the other, impressed upon the low- 
grade metamorphic rocks of the greenschist sequence, suggests that both 
sequences existed spatially juxtaposed in essentially their present posi­
tion before the intrusive event.
The top of the Chain Lakes massif rocks is not exposed in contact 
with rocks of the greenschist sequence, and no angularity can be demon­
strated to show that these units are unconformable. The only evidence 
of unconformity is the discordance of metamorphic history and the ab­
sence of demonstrable faulting at this discordance. Relationships of 
Ordovician and Cambrian rocks in Vermont and southern New England do not 
show this discordance of metamorphism, but such a discordance is known 
at the base of the Paleozoic in western Massachusetts (Norton, 1967) and 
elsewhere. Consequently, the rocks of the massif are assigned arbitrarily
c
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to the Precambrian (?) in accordance with the interpretation of Ells 
(1887), Boucot (1961), and Boucot and others (1964). Actually the 
massif rocks are known only to be Early (?) Ordovician or older; thus 
a correlation with a somewhat similar sequence of rocks of Early (?) 
Ordovician or Cambrian(?) age in southern New England is possible 
(L.R. Page, personal communication, 1969).
Rocks of the greenschist sequence are subdivided in stratigraphic 
order (fig. 1), from oldest to youngest into basaltic metavolcanic 
rocks (unit 2a); quartz latite and keratophyre (unit 2b); metagraywacke 
(unit 2c), dacitic to basaltic metavolcanic rocks (unit 2d), and chert 
and iron formation (in units 2c and 2d); dark euxinic metapelite and 
metagraywacke (unit 3); and laminated metapelite and calcareous meta­
sandstone (unit 4). Only the lowermost units 2a and 2b are seen on 
Stops 10 and 11, respectively.
The greenschist sequence, like the Chain Lakes, is upright and 
faces southeast, as shown by a combination of minor structural criteria 
on contacts. This sequence is at least 6,000 feet thick on the north­
west, but nearly all the section is repeated on the southeast side of a 
northeast-trending thrust fault (fig. 1) which dips to the southeast.
The entire sequence also appears to stratigraphically thicken to the 
southeast where it may be in excess of 20,000 feet thick.
The youngest unit (fig. 1, unit 4) in the greenschist sequence, 
according to Harwood and Berry (1967), grades upward into dated 
Middle Ordovician rocks in the southeastern part of the Cupsuptic quad­
rangle. The Attean Quartz Monzonite (fig. 1, unit 6), tentatively 
dated as Early (?) Ordovician (see below), intrudes the greenschist 
rocks. Thus, a minimum age spread is implied for the greenschist rocks 
from Early (?) to Middle Ordovician, but no maximum age can be fixed 
without knowing the minimum age of the prograde metamorphism in the 
Chain Lakes rocks. No upper contact of the greenschist sequence is 
known in this northwestern belt, and the rocks are arbitrarily assigned an 
Early(?) Ordovician age.
Intrusive rocks almost everywhere separate the Chain Lakes massif 
on the northwest from the greenschist sequence on the southeast. Near
Round Mountain Pond (fig. 1) septa of greenstone (unit 2a) occur near
the Chain Lakes, and a contact between greenstone and massif rocks 
(unit la) may be concealed under glacial drift between Round Mountain 
Pond and Stop 3 where metabasalt float has been found. The intrusive 
rocks are tentatively subdivided into two series, the older alpine com­
plex (Stops 4, 5, and 7, units 5a thru 5d), and the younger Attean 
Quartz Monzonite (Stops 9 and 10, unit 6).
The dominant rock of the alpine complex is medium-to coarse­
grained epidiorite which is locally massive, but more commonly in 
lit-par-lit association with quartz diorite of similar texture (Stop 4) 
or as autobreccia (Stops 4, 5, and 7). Texturally similar quartz diorite
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occurs in a discrete body near Round Mountain Pond (fig. 1) where 
it contains blue quartz (see also Moench and Boudette, this volume, 
on the lithology of clasts in the Conglomerate of the Rangeley Formation) . 
Pyroxenite, gabbro, and serpentinite with associated rocks are found in 
subordinate amounts in the basal part of the complex, as shown by detailed 
mapping in the western part of the Chain Lakes quadrangle.
The mapping to the west has indicated that the base of the complex 
is relatively enriched in magnesia; the magnesia-rich rocks are overlain 
in sequence by layered epidiorite-quartz diorite and epidiorite auto­
breccia, and lastly by massive epidiorite which is cut by the Attean 
Quartz Monzonite. Diapiric serpentinite with associated quartz-carbonate- 
fuchsite(?) veins (W.B. Thompson, unpublished report) are found along 
faults in greenstone (unit 2a) as much as 4 miles away from the serpen­
tinite in the complex. These bodies are believed to be derived from autoch­
thonous counterparts in the complex. None of the diapiric variety of ser­
pentinite will be seen on Trip C.
At Stop 9, Attean Quartz Monzonite along its southeastern boundary 
presents a textural contrast to that seen to the northwest in the medial 
part of its pluton at Stop 8. The rock at Stop 9 is much more porphyritic 
than most and has a discrete aphanitic groundmass, being rather similar to 
the rocks of the pre-Silurian Rockabema pluton in northern Maine. The 
texture of the rock at Stop 9 is, in fact, somewhat comparable to that in 
parts of the quartz latite volcanic rocks seen at Stop 11 about 1,700 feet 
to the southeast and to that in quartzwacke beds in unit 2c (fig. 1) which 
are not seen on Trip C. It is important to note that the Attean outcrops 
at Stops 8 and 9 are structurally beneath the volcanic rocks to the south­
east, but younger according to the intrusive relationships.
The alpine complex and the Attean Quartz Monzonite are envisioned as 
composing an elongate prism of intrusive rock oriented with its long axis 
on regional strike and with its intermediate axis more or less coincident 
with the regional dip of the intrusive succession. Layering in rocks of
the complex dips 30°-60° SE. (Stop 4). No major repetitions in these
rocks are observed, and about 5,000 feet of the complex and 3,000 feet of 
the Attean Quartz Monzonite is present for a total of 8,000 feet for the 
plutonic prism as is implied from its average regional dip of about 50°.
Both the upper (Stops 4 and 5) and lower contacts (Stops 9 and 10) of the 
intrusive prism are exposed, but logistics permit only the lower contact to 
be shown on Trip C. Whether or not the rocks of the complex and Attean
Quartz Monzonite are genetically tied, and therefore compose a single series,
is presently undetermined. It can only be observed that they bear a close 
spatial relationship.
The minimum age of the rocks of the complex is fixed by the age of the 
Attean which intrudes them, and the age of both intrusive series is closely 
fixed by the Lower (?) Ordovician rocks which they intrude. Radiometric age
c
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work in progress on the Attean Quartz Monzonite (see also Albee and 
Boudette, in press) indicates that its age is between 450 and 500 m.y.
A tentative age assignment of Early (?) Ordovician is made for the Attean, 
and by implication the rocks of the complex are also Early (?) Ordovician.
At Stop 10, sparse blue quartz clast occur in lapilli beds within 
the greenstone (unit 2a). The color and texture of the blue quartz clasts
are similar to those found in the quartz diorite (unit 5d) near Round
Mountain Pond (see p. 11). If the assumption is made that the source 
of this quartz is in a rock related to that at Round Mountain Pond, then 
the rocks of the alpine complex and the volcanic rocks of the greenschist 
belt must have a related genesis. It is on this basis that the rocks of
the complex and rocks of the greenschist belt are here regarded as com­
posing an ophiolite succession.
c
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ROAD LOG FOR TRIP C
Assemble at Sarampus Falls State Wayside, 12.8 miles north of the 
Cathedral Pines Forest Management area, Eustis, Maine, on State Highway 
#27 at 8:45 AM. Please enter the wayside by the south approach so that 
vehicles may be turned easily. Unimproved access roads will be followed 
over most of the trip, and drivers should be prepared for the usual hazards. 
Special preparations will be made where precautions are required and in the 
interest of traffic safety on Highway 27. Parking limitations on access 
roads will limit the trip to no more than 10 cars and about 50 participants. 
The Chain Lakes and Kennebago Lake topographic quadrangle maps are recom­
mended logistical aids. Copies of the Spencer Lake and Stratton quad­
rangles would be helpful, but are not essential. Two relatively long tra­
verses into the forest will be taken on Stops 3 and 4; participants should 
be equipped with appropriate footwear and clothing. Participants should 
either be equipped with a Brunton compass or plan to traverse close by 
someone having one in case separation from the group occurs during Stops
3 and 4.
Mileage
0.0 STOP 1. Sarampus Falls State Wayside. Walk across the highway
to the outcrop visible on the north. There is a minimum of 
space between the highway and the outcrop, and the approaches 
are blind. Please use extreme care. Please do not hammer upon 
the spectacular fragmented rocks at the south end of the outcrop.
Rocks here are relatively massive, light-to medium-gray, medium- 
to coarse-grained quartz feldspar sillimanite muscovitic and 
biotitic gneiss containing sparse, but conspicuous, lithic frag­
ments as much as 8 inches across and somewhat smaller quartz 
nodules. Planar structure (312°, 15° - 30° SW) is shown by 
light and dark banding believed to be of primary origin. No 
geometric correspondence exists between the through-going gneissic 
structure and foliation in the lithic fragments. Anatectic fea­
tures are visible especially on the borders of lithic fragments. 
Quartz-filled gash veins, several sets of joints, shearing, and 
incipient brecciation have deformed the rock at Stop 1; these 
record the latest tectonic event in its history. At least some 
of these features probably bear a relationship to a fault about 
700 feet to the west. A branch of this structure occurs in sec­
tion in the outcrop on the west side of the road about 800 feet 
south of Stop 1. The quartz veins here, as well as throughout 
the entire massif, are sulfide bearing.
The significant features of the rock at this stop are its frag­
mental texture and its metamorphic mineral assemblage which
c
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records both high-grade (prograde) (sillimanite, anatexis) 
and low-grade (retrograde) (chlorite, sercitization) events 
in its history. It is axiomatic that the last event crystal­
lized the chlorite-sericite assemblage in a retrograde alter­
ation. It is important here also to note that the low-angle dip 
of bedding in the southwest projects these rocks (fig. 1, unit la), 
believed to be upright, beneath those of unit lb on Bag Pond 
Mountain.
Return to transportation. Turn left and begin retracing the 
route southbound on Rte. 27.
0.2 Fault zone (described above) exposed in roadside cut on west.
This fault extends more than 3 miles on strike from Bag Pond 
southeast along the North Branch. It is interpreted as a 
reverse fault with an appreciable right-lateral component of 
movement (fig. 1).
1.9 Intersection of Snow Mountain Road. Turn right.
2.4 Bridge over Shadagee Brook.
5.4 STOP 2. Little Alder Stream bridge. Before leaving cars,
turn singly (and in order) upon the bridge approach, and 
carefully back your auto northwest upon the Snow Mountain 
Road a distance sufficient to accommodate the vehicles that 
have been following you. Park your auto and walk back to the 
bridge.
Pavement outcrops in the brook bed are composed of rock of 
the same medial stratigraphic subunit as the rock at Stop 1.
The rock here, though compositionally comparable to that at 
Stop 1, shows more distinct primary layering and lamination 
but the bedding is grossly more chaotic. The features pre­
served here show either the effects of slump with profound 
cross lamination that was penecontemporaneous with the dep­
osition of the protolith, or an effect of later rheomorphosis 
during prograde metamorphism. Evidence for the existence of 
a horizontally directed stress field during prograde metamor­
phism is lacking at both stops.
Return to transportation and begin retracing the route eastward 
on Snow Mountain Road.
7.0 STOP 3 . Log yard on north where trail departs. Critical ex­
posure to be seen is azimuth 343°, about 2,000 feet on the 
lowest slopes of Bag Pond Mountain. Access is most easily 
achieved on lumbering trails familiar to the trip leader. A
c
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moderate pace will be kept because it is desirable to go 
and return in a group. Please keep together.
At Stop 3, quartzofeldspathic gneiss and metamorphosed 
laminated, felsic volcanic rocks of unit lb (fig. 1) are 
cut by a greenstone (metamorphosed basalt) dike. The dike 
is oriented on strike about 010°, vertical, and is of vari­
able width to about 3.5 feet. The gneiss and metavolcanic 
rocks are interrelated, and compositional layering strikes
regionally about 070° and dips about 45° to 50° SE. Minor
sedimentary structures which persist throughout unit lb in­
dicate that the sequence is upright and overlies rocks seen 
at Stop 1 and 2.
Metamorphic considerations outlined for unit la at Stops 1 
and 2, also apply here (as well as at Stop 4) to unit lb.
The highest metamorphic grade achieved by the greenstone 
(unit 2a) is indicated to be that of the lower greenschist 
facies as shown by its chlorite-albite-epidote assemblage.
The greenstone (unit 2a) is obviously younger than lb as 
shown by the crosscutting relationship, and the textures 
of unit 2a indicate that it never has contained a mineral 
assemblage that is typical of any higher metamorphic grade.
It is suggested that the protolith of the greenstone was 
metamorphosed in the second event (retrograde metamorphism) 
to effect unit lb when the chlorite-sericite assemblage was 
formed.
It is considered significant here that the greenstone (unit 2a) 
is younger than unit lb.
If the correlation of unit 2a with the Lower (?) Ordovician 
effusive greenstone is correct (see introductory section,
Trip C), contrasting metamorphic histories for units lb and 
2a are indicated in rocks which are here juxtaposed. It is 
axiomatic that these histories could not have been produced 
in the two rocks if they have always coexisted. It is inter­
preted, therefore, on the basis of observations here that unit 
lb preceded 2b and travelled a different metamorphic path be­
fore acting as host to 2b which probably has intruded into its 
present position in Early (?) Ordovician time. Thereafter the 
two units travelled the metamorphic path together. If the 
protolith of the greenstone is by chance Devonian in age, which 
is possible, the same observations hold, but the implications 
do not apply to unit 2a in the southeastern part of the region, 
and the greenstone here should not be correlated as shown (fig. 1).
Return to vehicles and resume easterly travel
c
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7.9 STOP 4 . Blanchard Pond Trail. The exposures to be seen
are azimuth 203°, about 2,500 feet from the start of the 
trail which will be used for access (fig. 1). The same 
stay-together request outlined for the previous stop is 
also made here. The route will be a bit soggy in places 
where beavers have been at work.
At Stop 4, a series of six principal exposures will be 
seen in an area about 6,000 feet square (fig. 2) where 
rocks (unit lb) along the southern boundary of the Chain 
Lakes massif are intruded by rocks (units 5b and 5c) of 
the ultramafic complex. Faults probably of two distinct 
systems, separable by relative age and geometry, locally 
segment the rocks of both sequences. Igneous layering in 
rocks of the complex has a significant bearing upon the 
regional dip of the sequence and its stratigraphic super­
position. Contrasting metamorphic facies comparable to 
those seen at Stop 3 are also present. Additional meta­
morphic complications must be considered here, however, such 
as the diapthoresis and regional retrograde metamorphlsm of 
the rocks of the complex and the probable evidence for a 
relict contact aureole in the intrusive manifested by mus­
covite textures in unit lb.
Rocks of the unit lb (Stops 4.1, 4.2, 4.3, and 4.6) are
bedded quartz-feldspar-muscovite biotitic sillimanite gneiss 
showing good bedding-plane foliation and scattered lithic 
fragments and quartz nodules (Stop 4.2). Some of the lithic 
fragments preserve schistosity which is oriented at a large 
angle to the regional bedding-plane foliation. Muscovite 
within unit lb increases both in amount and grain size toward 
the complex. This feature is preserved in a zone less than 
400 feet wide within unit lb, especially in this area of 
Stop 4 where faulting displacements appear to be minimal com­
pared with other parts of the southern boundary of unit lb.
Rocks of the alpine complex are notably altered chloritic 
varieties of epidiorite, quartz diorite, and pyroxenite with 
abundant serpentinite and talc segregations. The epidiorite 
and quartz diorite occur both in a layered sequence and as 
autobreccia.
Faulting at Stop 4 is typical for the southeastern boundary 
of the Chain Lakes massif. The oldest faults here are oriented 
on strike east-west and are either normal faults with the down­
thrown block on the south or possibly faults with both normal 
and strike-slip movement. These are offset by a younger fault 
system composed, in part, of two fault sets oriented on strike 
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faults in the younger system appear to have compound dis­
placement so that they are reverse, with the northerly block 
downthrown and right-lateral slip on the northwest-trending 
set (fig. 2) and left-lateral slip on the northeast-trending 
set (fig. 1). Some rotation of the older fault system by the 
younger is possible. Interpretation of slickensides near 
Stop 4.3 in combination with the mapped horizontal offset and 
contact of units lb and 5b (which is assumed to be parallel 
to the igneous layering) indicates that the younger faults 
in the northwest set here have each moved the southerly block 
relatively u£ about 100 feet on the vertical component and 
relatively northwest about 100 feet on the horizontal compo­
nent .
The intrusive contact exposed on the southeast-facing wall 
(fig. 2, Stop 4.6) is a unique feature in that it is the 
only known demonstration of the intrusion of rocks of the 
complex into those of the Chain Lakes sequence. Elsewhere 
along the boundary, faulting, which postdates the emplacement 
of the complex, predominates and obscures the intrusive re­
lationships. At Stop 4.6, the intrusive relationship clearly 
demonstrates that the Chain Lakes is older. This observation, 
obviously, has important regional implications (see introductory 
section, Trip C) and is the basis for explaining the gradational 
nature of the muscovite texture in unit lb here in terms of a 
relict contact aureole (see p. 7). It is axiomatic that the 
age of this aureole, if the interpretation is correct, must be 
that of the rocks of the complex (Early(?) Ordovician). Because 
this aureole is interpreted to have been impressed upon the 
Chain Lakes rocks while in their highest prograde metamorphic 
ies, it is implied that unit lb predated the rocks of the 
complex in its present textural form as a gneiss. A situation 
analogous to that at Stop 3 is, therefore, suggested here.
Return to transportation and resume travel.
8.9 Turn right and proceed south on Rte. 27.
9.2 STOP 5. (Jim Pond/Alder Stream township line). Park off the
highway as directed and walk south on highway to exposure.
Please use the safety precautions outlined for Stop 1.
Note: Road construction at Stop 5 began in fall 1969. At
the time that the road log was prepared it was not known whether
the outcrops would be improved or obscured by this work.
Cataclastic quartz feldspar muscovite chloritic gneiss of the 













with epidiorite autobreccia, altered pyroxenite, and serpen­
tinite of the ultramafic complex on the southeast (fig. 1). The 
rocks of the massif seen here are probably among the lowermost 
layers of the pluton as at Stop 4 because of the presence of 
pyroxenite and serpentinite.
Return to transportation.
Roadside outcrops of sheared Attean Quartz Monzonite (unit 6). 
Roadside outcrops of Lower(?) Ordovician greenstone (unit 2a).
Roadcut (unit 2d) in sheared, serpentinized greenstone contain­
ing jasper lenses and quartz-calcite veins. The quarry is a 
source of highway riprap.
Turn left on Jim Pond Camps access road.
Bridge over North Branch Dead River. Bear left at intersection 
onto lumbering road.
Intersection; bear left.
Turn around as directed where the road is wide and its shoulders 
are dry and level. Begin retracing route in the southerly di­
rection.
STOP 6. Foliated granofels of the Chain Lakes massif.
The granofels at Stop 6 is lithologically comparable to that 
seen in the previous two stops. Here, however, foliation, 
oriented 060°, 75° SE, is strongly developed and conspicuous.
This foliation is believed attributable to shearing related to 
either normal or strike-slip local faulting which gradually cuts 
out all the mafic rocks in the complex to the east until the 
Attean Quartz Monzonite is in direct contact with the massif 
on the east side of the Chain Lakes quadrangle (fig. 1).
Viles Pond Brook
STOP 7. Epidiorite-quartz diorite autobreccia (unit 5b) of 
the ultramafic complex.
Rocks here are comparable to some of those seen at Stops 4 
and 5, but evidence for serpentinization is inconspicuous or 
serpentinite is lacking entirely. The outcrop is a partic­
ularly good 3-D exposure of the unit. The epidiorite, as the 
abundant facies, is composed essentially of chloritized amphibole
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and plagioclase. The epidiorite is cut by a boxwork of finer- 
grained quartz diorite veins and, rarely, quartz veins. Rare 
xenoliths of granofels of the complex may be found in this unit
which attests to the relative age of the sequences as does the
contact at Stop 4.6. The autobreccia lacks conspicuous defor­
mation here, but it is cut by several sets of fractures tending 
to brecciate parts of the unit.
17.7 Roadside outcrop of epidiorite autobreccia.
18.2 Intrusive contact of the Attean Quartz Monzonite with the alpine
complex is concealed beneath Pleistocene ground moraine.
18.3 STOP 8. Attean Quartz Monzonite.
Attean Quartz Monzonite crops out here as part of a body about 
3,000 feet thick (fig. 1). The rock seen is composed of about 
equal amounts of quartz, altered plagioclase, and potassium 
feldspar with 5 percent or less of altered mafic accessory min­
erals; it is sheared, foliated, and chlorite and epidote are 
conspicuous alteration products.
18.8 STOP 9. Attean Quartz Monzonite.
Rock on the southeastern side of the pluton (fig. 1) presents a 
textural contrast to that seen at the previous stop. Quartz and 
some feldspar in the Attean here is of the same grain size, but 
the bulk of the feldspar is more altered and occurs as ground­
mass components. The Attean here is indicated to be structurally 
beneath the volcanic rocks to the south by graded beds and pillow- 
top observations, and its intrusive relationship with unit 2a is 
unequivocally established.
19.0 STOP 10. Lower(?) Ordovician greenstone with lapilli beds.
The greenstone here (unit 2a) is composed of amygdaloidal meta­
basalt with poorly developed pillow structure which is inter­
layered with graywacke beds as much as 1 foot thick composed 
principally of lapilli, feldspar, and quartz. Pink to brownish 
Calcite composes the amygdules, and rare blue quartz clasts occur 
in the lapilli beds. (Please do not hammer upon, or remove these 
quartz clasts.) Layering in this unit strikes 043° and dips about 
78° NW. Grading and crosslamination in the lapilli beds indicates 
that the layering is slightly overturned; the regional sequence 
faces southeast. The metamorphic grade is indicated to be in the 
lower greenschist facies by a chlorite-albite-epidote assemblage; 










STOP 11. Metamorphosed quartz latite volcanic rocks of the 
Lower (?) Ordovician sequence.
The greenstone at the last stop is stratigraphically overlain 
by metamorphosed lava (keratophyre), breccia, and ash flow of 
quartz latite composition (unit 2b); the contact is sharply 
defined. The sequence of outcrops here represents nearly two- 
thirds of an unbroken section of felsic volcanic rocks which 
is about 2,000 feet thick. These volcanic rocks are part of 
a lenticle that extends on regional strike from the northwestern 
ninth of Kennebago quadrangle through Stop 11 to the northeast 
for an unknown distance.
Here these volcanic rocks appear in perhaps their most spectac­
ular accumulation. They are part of an unbroken southeast-facing 
unit which, in contrast to the lower boundary, grades well into 
overlying metagraywacke-iron formation and greenstone units 
(units 2c and 2d). Interbeds of ferruginous chert and quartz- 
rich graywacke increase in abundance toward the top of the unit 
and finally predominate (unit 2c).
In unit 2c, thick quartz-rich graywacke beds are commonly assoc­
iated with the iron formation. These are not exposed in the 
section here but are observable in the ridges on strike.
The metamorphic grade of rocks at Stop 11 is compatible with that 
at Stop 10, and indications are that rocks at both stops have had 
the same history of pressure-temperature since deposition.
Return to transportation, remain on principal road, and retrace 
the route back to Rte. 27.
Note: The following notes are added in the interest of continuity.
Refer to Boone and others (this volume, fig. 1) for geology. 
Unscheduled stops may be added, if interest and time permit, to 
elucidate the stratigraphic sequence in Lower (?) Ordovician rocks.
Intersection with Rte. 27; turn left and proceed south.
Highway bridge over Alder Stream.
Intersection of Alder Stream Road at Alder Stream State Campsite.
Roadside outcrop on right is phyllite and quartzite of unnamed 
formation (unit 4).
Trace of major thrust fault concealed beneath ground moraine 
which repeats the entire Lower (?) Ordovician sequence to the 
southeast and forms the southeastern boundary of the Moose River 
synclinorium to the northeast (Boucot, 1961). Outcrops of greenstone
c
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begin 0.1 miles south of here and continue for 0.7 miles. 
These are part of unit 2a, much thickened, seen at Stop 10. 
Pillow lavas are quite common in this belt of greenstone and 
locally serpentiniized zones.
22.5 Greenbush Pond visible on left.
22.6 Greenbush State Campsite.
23.6 Roadside outcrops of greenstone are continuous for 0.5 mile
These are in the same unit with the greenstone southeast of 
the fault.
24.5 Intersection of "CCC" Road on the left
24.7 Jim Pond Township/Eustis Town line
24.9 Intersection of East Tea Pond Road
25.3 Intersection of Jim Pond Road.
25.4 Roadside outcrops of chloritic phyllite of unit 4 are contin­
uous for 0.3 miles to south.
26.0 Eustis Village.
Note: The highway south traverses Pleistocene valley train
deposits; features include an esker with a kettle hole to the 
west and deltaic and glaciolacustrine deposits further south.
28.4 Cathedral Pines Forest Management Area —  End of Trip C.
Note: Participants in Trip C who are proceeding to coastal
areas, Boston, or the southern Interstate Highway system will 
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